(2) The enthalpy of this decomposition reaction is -130 ± 24 kj/mol. As in the decomposition of YBa2Cu408, the decomposition reaction of YBa2Cu307, with respect to Ba2Cu306 and Y203, involves the transfer of a half mole of gaseous oxygen to the lattice, with an entropic -TAS, contribution of approximately +30 kj/mol. We compared the free energies of decomposition of both YBa2Cu408 and YBa2CU307-x with respect to Ba2Cu306; our comparison reaffirms that YBa2Cu408 is more stable at low temperatures than YBa2CU307-x.
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As expected, the phase relations in this system appear to be controlled by the oxidation thermodynamics of the copper ion; as the temperature of the system is reduced, higher formal valence states for copper are stabilized in electropositive lattice environments (8, 20) . For the perovskite-related cuprates, the oxidation of copper from a formal valence of 2+ to 3+ is exothermic, releasing -200 kJ per mole of 02 (12, 21, 22) ; this favorable contribution to the partial molar AGrx is, of course, balanced by the decrease in entropy of the system from the transformation of oxygen from the gaseous state to the solid state.
In this Y-Ba-Cu-0 system, the highest formal valence occurs in the binary compound Ba2Cu306; the average copper valence in this compound is +2.66 compared to + 2.33 in YBa2Cu307. A complete understanding of why Ba2Cu306 exhibits such high stability at low temperatures, and thus why the superconductors are metastable, will require knowledge ofthe Ba2Cu306 structure (it has not been completely refined). Previous electron and x-ray diffraction studies (17, 18) suggest that the structure is closely related to that of the trivalent cuprate, NaCuO2. This structure, in which infinite one-dimensional chains of edge-shared cuprate groups are linked by the larger electropositive cations, is adopted by several highly oxidized cuprates. For example, closely related ACuO2 phases can be stabilized at low temperatures for A = K (23) , Cs (24) , and Rb (25) . The same arrangement of cuprate chains is also found in the low-temperature form of calcium cuprate, Ca1.xCu02 (x = 0.8 to 0.85) (26) The rationale for the design of these peptides and the measurement of their properties have been discussed previously (1) . Circular dichroism (CD) measurements (Fig. 1B) indicate that with the NTGs attached, the F peptides are highly helical (at both low and high pH), monomeric (4), soluble in water (>4 mM), and quite stable (Table 1) . Two-dimensional nuclear magnetic resonance (2D-NMR) experiments on peptide Fs with the NTGs attached (5) ( Table 2) suggest that the NH2-termini are not frayed significantly. Furthermore, the relative strengths of the nuclear Overhauser effect (NOE) crosspeaks between the a proton of Ala' (He,) and the amide and IB protons of Ala4 (HN4 and H'4, respectively) are consistent with a-helical, not 310-helical, structure (6).
The unfolded Us and UL peptides also contain Ala at positions 1 and 2 near the probe but contain several prolines that disrupt helical structure (Fig. 1B) . These unfolded control molecules allow the properties of the attached probes to be measured in the absence of helical structure but under otherwise identical conditions. The control molecules permit pKa shifts to be determined without the need to make corrections for the effects of chemical denaturants or temperature or to assume a generic, unperturbed pKa value in the unfolded state. Fig. 2A (7) . The PKa shifts are summarized in Table 1 Fs in the presence of helical structure at 0C. For SUC, a larger shift is expected because the negative charge of the carboxthe magnitude of the backbone-dipole interaction (Fig. 3A) .
The change in pKa of the titratable groups is related to the effect of the charge on the free energy of helix formation, AAGF, by the equation [see, for example, (13, 14) 1 AAGF = 2.3RTApKa (1) ylate can be considerably closer to the where AAGF is the difference in the free backbone groups in the first turn of the energy of helix formation (basic form of the helix. The pKa shift for SUC is -0.5 pH NTG minus the acidic form), R is the gas units, and the data for the 21-and 41-constant, T is temperature, and ApKa is the residue helices are nearly superimposable PKa shift in the presence of helical structure (Fig. 2B) (9) .
(helical minus unfolded) ( Table 1) . As obThe backbone-charge interaction energy served previously, NH2-terminal negative decreases rapidly with increasing ionic charges stabilize the helices, whereas posistrength (Fig. 3A) . The magnitude of the tive charges are destabilizing (11, 12, 14, pKa shift for MABA (attached to peptide 15). The absence of an increase in the pKa F.) decreases roughly exponentially with shifts with longer helices is consistent with the square root of the monovalent salt our previous measurement of the electric concentration and is reduced to one-half field at the NH2-terminus (1), simple electhe initial value in -250 mM NaCI. Sim-trostatic considerations (16) , and the results ilar ionic screening effects have been ob-of recent theoretical calculations (17) . served by others (10) (11) (12) . In contrast, the
The net screening effects of the environbackbone-dipole interactions are much less ment can be estimated by comparing the sensitive to the presence of ions (1) strength is as large as 0.7 kcal/mol (Table  1) . This value is similar, given the NH2-terminal electric field measured previously for the same helical peptides (1), to the energy of the interaction between the helix backbone and an amide group (with a dipole moment of -3.5 D). Moreover, at physiological ionic strengths (-200 mM) the backbone-charge interactions are reduced even further, whereas the backbonedipole interactions are largely unaffected (Fig. 3A) . Qualitatively, differential screening effects can be understood in terms of simple continuum models that take the size and geometry of the interacting groups into consideration (12, 13, 20, 23, 26) . The physical picture in these models is that the interacting charged and dipolar groups occupy a single low-dielectric region that is surrounded by a high-dielectric continuum that can screen the interactions. The ions and high-dielectric solvent of the continuum are excluded sterically from the immediate vicinity of the interacting groups by a short distance, and the electrostatic response of the continuum is reduced by this separation. As pointed out previously by Gilson et al. (20) , because electrostatic interactions with dipoles decrease more rapidly with distance than interactions with charges (27) , the response of the continuum and, hence, the screening effects are predicted to be smaller in the case of dipoles (28) . In addition, there may be contributions to the screening that result from specific interactions between water, ions, and surface groups (13, 20, 24, 29) .
As predicted by Kirkwood and Westheimer (13) Table 1 ) is taken to be the temperature at which the derivative of the CD signal at 222 nm A. Experimentally MRO is difficult to measure, although recent work has shown conclusively ordering to -10 A for an alkali silicate glass (2) . Also, the phenomenon of pressure-induced amorphization, a new method for preparing amorphous solids at ambient temperature by compression, has demonstrated a sense of order in amorphous solids (3) (4) (5) (6) (7) (8) (9) . The difficult aspect is how to describe this "new" order in amorphous materials. The most common approach is to establish the short-range order in the amorphous material and then look for the topological rules that govern the MRO (10) . Several researchers have proposed that the order in amorphous metals can be found by examining a perfect crystal formed in a curved space (11, 12) . Sadoc and Rivier showed how decurving this perfect crystal can produce a metal alloy or an amorphous metallic structure (13) . Similarly, Nelson used the perfect curved-space crystal to define defects in icosahedral bond orientational order (11) . The major point of their work was to change the level at which disorder is considered. Rather than focusing on the irregular arrangement of atoms, one focuses on the structure of the defects because they are defined relative to a perfect state in curved space.
In this work we show that compression can produce an amorphous metallic alloy whose order is described in curved space. Moreover, this result shows that we have observed the pressure-induced amorphization of a crystalline metal. The preparatory method is also unusual because the amorphous solid is produced without quenching: typically ultrahigh quench rates, on the order of 106°C/s, are needed to produce amorphous metals (10) .
To understand the curved-space ideas mentioned above, we must review several packing principles of metallic alloys. Metallic alloys prefer to have a coordination shell of 12 atoms in the shape of an icosahedron (14, 15) . This arrangement allows the densest local packing and hence the lowest energy (16) . A crystal consisting of only perfect icosahedral coordination shells is incompatible with space-filling requirements; this balance between locally lowenergy noncrystallographic packings and long-range periodicity has been called "topological frustration" (8, 17) . Nature adjusts this frustration by mixing different coordination shells-coordinations of 14, 15, or 16 atoms-forming what are called Frank-Kasper phases (18, 19) . These alloys are composed of atoms of different sizes. Thus, purely tetrahedral packing is allowed, which results in a more efficient packing than cubic or hexagonal close packing. Because the Frank-Kasper phases have only slightly distorted tetrahedral interstices, they are often called tetrahedrally closepacked (tcp) structures (14) .
A structure does exist in a curved space, however, in which every atom has perfect icosahedral coordination; it is called polytope {3,3,5}. It can be regarded as a fourdimensional analog of the regular icosahe-
